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REPORTS of illness resembling meningococ- 
cal disease date back to the 16th century. The 
description reported by Vieusseux in 1805 is 
generally thought to be the first definitive identifica- 
tion of the disease, 1 and the causative organism. Neis- 
seria meningitidis, was first isolated in 1887- 2 Yet me- 
ningococcal disease remains a leading cause of bacterial 
meningitis and sepsis in the United States and a ma- 
jor cause of epidemics in sub-Saharan Africa. Short of 
abolishing tobacco use, which is thought to be respon- 
sible for almost one third of cases/ routine vaccination 
of high-risk populations is likely to be the most effec- 
tive public health strategy for controlling meningo- 
coccal disease. Several companies are in the final stag- 
es of developing and testing meningococcal conjugate 
vaccines for licensure in the United States. These vac- 
cines have been developed with the techniques used 
to develop Haemophilus influenzae type b conjugate 
vaccines. Progress is also being made in die use of 'sub- 
capsular antigens to develop vacdnes against sero- 
group B disease, but for this serogroup, substantial 
work and probably various approaches are needed to 
find the right one. There are formidable challenges in- 
volved in designing strategies to introduce conjugate 
vaccines, but ihese vaccines provide an important new 
opportunity to control and prevent meningococcal 
disease. 4 

EPIDEMIOLOGIC FEATURES OF 
MENINGOCOCCAL DISEASE 

In the United States 

Since I960, rates of meningococcal disease in the 
United States have remained relatively stable, at ap- 
proximately 0.9 to 1.5 cases per 100,000 population 
per year, or 2500 to 3000 cases per year. 5 Mcningo- 
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coccal disease occurs year-round, but the majority of 
cases occur during the winter and early spring. 6 The 
rates of disease arc highest among infants in whom 
protective antibodies have not yet developed; the rates 
drop after infancy and then increase during adoles- 
cence and early adulthood. 6 Although the rates of me- 
ningococcal disease once again drop after early adult- 
hood, more cases occur in persons 23 to 64 years old 
than in any other age group (unpublished data). The 
proportion of cases among adolescents and young 
adults has increased in recent years; during the period 
from 1992 to 1996, 28 percent of affected persons 
were between 12 and 29 years old- 6 This change has 
important implications for preventive srratcgics- 

Since the new meningococcal conjugate vaccines, 
like the currently available quadrivalent polysaccharide 
vaccine, will provide serogroup-specuic protection, the 
distribution of serogroups is a key factor in die design 
of vaccination programs. From 1988 to 1991, most 
cases of meriingococcal disease in the United States 
were due to cither serogroup C or serogroup B, and 
scrogroup Y accounted for only 2 percent of cases. 7 
In recent years, the number of cases involving sero- 
group Y has increased; from 1996 to 1998, one third 
of cases were due to serogroup Y, which is also more 
commonly associated with pneumonia than are sero- 
groups B and CA* In the 1970s, serogroup Y was 
also recognized as a frequent cause of sporadic disease 
in some US- populations 9 ' 10 and was associated with 
several outbreaks among military personnel, 11 Similar- 
ly, serogroup W-135, which is also associated with 
pneumonia and which currendy accounts for only 
4 percent of cases in the United States, 6 was reported 
in 15 to 20 percent of isolates received by the Centers 
for Disease Control and Prevention between 1978 and 
1980- 12 Tn 2000, an international outbreak among pil- 
grims returning from the hajj (the pilgrimage to Mec- 
ca) and their dose contacts, including four persons 
from the United Stares, was due to serogroup W-l 35." 
Although Outbreaks uf serogroup A meningococcal 
disease were common in industrialized countries ear- 
ly in the 20th century, outbreaks as well as sporadic 
cases have been rare in these countries since World 
War II. These changes arc not completely understood 
but may reflect irnmunologic changes in the general 
population, die introduction of new strains of A/1 men- 
ingitidis into populations, or aoss-reactive protection 
provided by exposure to bacteria with a similar struc- 
ture (e.g., Bacillus pnmilus)?* 

Another recent change in the epidemiology of me- 
ningococcal disease in the United States has been hi 
the frequency of outbreaks. In the 1980s, outbreaks 
of meningococcal disease were rare, but since 1991, 
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the frequency of localized outbreaks has increased. 
These outbreaks have been caused by groups of closely 
related strains and probably represent the introduc- 
tion of new clones into the population. 15 " 17 Mosr of 
these outbreaks have been due to serogroup C; in the 
past five years, however, there have also been outbreaks 
due to serogroup Y. lrt Although such outbreaks cause 
tremendous public concern and attract considerable at- 
tention in the media, they account for only 2 to 3 per- 
cent of the rotal number of cases in the United Statcs. 

Worldwfde 

Scrogroups A, B 7 and C account tor most cases of 
meningococcal disease throughout the world, with 
scrogroups B and C responsible for the majority of 
cases in Europe and the Americas and serogroups A 
and C predorninating throughout Asia and Africa. 18 - 20 
Israel and Sweden are the only countries other than 
the United States that have reported an increase in 
serogroup Y disease. 19 Serogroup B meningococcal 
disease caused 68 percent of cases reported in Europe 
between 1993 and 1996 19 and has also caused out- 
breaks in developed countries, with attack rates of 5 to 
50 cases per 100,000 persons. 21 In the late 1970s, a 
serogroup B strain belonging to a clonal group known 
as ET-5 emerged, causing outbreaks in northwestern 
Europe and Central and South America. 21 In the early 
1990s, an outbreak of serogroup B disease due to the 
same clonal group occurred in Oregon and Washing- 
ton, with a rate of 4.6 cases per 100,000 in 1994. 22 * 23 
The outbreak did not spread to other states and now 
appears to be waning." In the absence of an effec- 
tive vaccine against serogroup B, a more widespread 
outbreak would result in substantial morbidity and 
mortality. 

In the African "meningitis belt," a region of sa- 
vannah that extends from Ethiopia in the cast to 
Senegal in the west, serogroup A meningococcal dis- 
ease hns posed a recurrent Threat ro public healrh for 
at least 100 years, 25 Rates of meningococcal disease 
arc several times higher in this region than in indus- 
trialized countries, and the reported mortality is usu- 
ally approximately 10 percent, a rate similar to that 
in industrialized countries; however, because many 
patients die before reaching a hospital, die true mor- 
tality in the meningitis belt is probably substantially 
higher. 26 In addition, outbreaks occur every 8 to 12 
years, frequently resulting in attack rates of 500 to 
1000 cases per 100,000 population.^ In 1996, the 
largest outbreak ever reported occurred in the men- 
ingitis belt; the total number of cases reported to the 
World Health Organization (probably a substantial 
underestimate) was 152,813, with 15,783 deaths. 27 

MICROBIOLOGIC FEATURES 
ANT> PATHOGENESIS 

N! meningitidis are gram-negative, aerobic diplo- 
cocci (Fig. 1) that are best isolated on chocolate agar. 



They are classified into serogroups according to the 
immunologic reactivity of their capsular polysaccha- 
rides, which are the basis for currently licensed me- 
ningococcal vaccines. 28 Although there arc at least 13 
serogroups, most cases of meningococcal disease arc 
caused by serogroups A and C, for which polysac- 
charide vaccines arc effective, and serogroup B, which 
bas a polysaccharide capsule that is poorly immuno- 
genic in humans. The capsular polysaccharide is either 
a homopolymer or a heteropoiymer consisting of 
monosaccharide, Hi saccharide, or trisaccharide repeat- 
ing units. The main meningococcal capsular polysac- 
charides associated with invasive disease, except for 
serogroup A, are composed of sialic acid derivatives; 
the serogroup A capsule consists of repeating units of 
2^-acetyl-mannosamine-l-phosphate. Meningococci 
are further classified on the basis of their class 1 Outer- 
mcmbrane proteins (serosubtype), class 2 or 3 outer- 
mcmbranc proteins (serotype), and lipooligoSaccha- 
rides (imrnunotype) (Fig. 2 and Table 1). Molecular 
subtyping with the use of multilocus enzyme electro- 
phoresis, pulscd-ficld gel electrophoresis, or DNA- 
scquencc analysis can be helpful in identifying closely 
related strains with the potential to cause outbreaks 
and in understanding the genetic characteristics of 
N. meningitidis* 9 Meningococci also have the capac- 
ity to exchange the genetic material responsible for 
capsule production and thereby switch from serogroup 
B to C or vice versa. 30 Capsule switching may become 
an important mechanism of virulence with the wide- 
spread use of vaccines that provide serogroup-specinc 
protection. 

Humans are the only natural reservoir of N. menin- 
gitidis, and the nasopharynx is the site from which 
meningococci are transmitted by aerosol or secretions 
to others. Meningococci overcome host defenses and 
attach to the microvillous surface of nonciliarcd colum- 




Figure 1, Neisseria meningitidis {Arrow) in Cerebrospinal Fluid 
(Gram's stain, xtooo). 

The organisms are intracellular, gram-negative diplpcocci. 
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Figure 2. Cross-Sectional View of the Meningococcal Cell Membrane. 



nar mucosal cells of the nasopharynx, where they mul- 
tiply (i.e., colonize) (Hg. 3) Pili (Fig. 2) are die ma- 
jor adhesins that may target the CD46 receptor, a 
membrane cofketor protein; subsequently, die oparity- 
assodaird proteins, Opa and Opc, 32 bind to CD66 33 
and heparan sulfate proteoglycan receptors, respective- 
ly. Binding stimulates cngulftneat of the meningococ- 
ci by epithelial cells, which may then traverse the mu- 
cosal epithelium through phagocytic vacuoles. 31 The 
survival of meningococci in the epithelial cells may be 
promoted by the IgAl protease and by porR. 31 Five 
to 10 percent of adults are asymptoinatic nasopharyn- 
geal carriers of strains of Af. meningitidis**** most of 
which are noc pachogemc. In a small number of per- 
sons, N. meningitidis penetrates the mucosa and gains 
access to the bloodstream, causing systemic disease. 37 
In most persons, however, carriage is an irmmmizing 
process, resulting in a systemic protective antibody 
response. 33 



RISK FACTORS 

Meningococci are diverse organisms and are usu- 
ally commensal bacteria in humans. Only a minority 
of the nasopharyngeal isolates cause invasive disease. 
Menhigococci associated with invasive disease elabo- 
rate a capsule, which provides protection from desic- 
cation during transmission and aids in the evasion of 
host immune mechanisms. In addition, adhesins, such 
as pili, and specific nutrient-acquisition factors, espe- 
cially mechanisms for acquiring iron from human lac- 
toferrhl, transferrin, and hemoglobin enhance their 
pathogenic potential. 3 ' Finally, a major factor in the 
virulence of the organism is the release of outer-mem- 
brane vesicles that consist of lipooligosaccharide (endo- 
toxin), outer-membrane proteins, phospholipids, and 
capsular polysaccharides. Hie endotoxin of N. men- 
ingitidis is structurally distinct from the lipooligosac- 
charide of enteric gram-negative bacteria. 40 Menin- 
gococci also undergo autolysis, releasing DNA and 
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Table 1. H unction and Classification op the Outer- Membrane Components 
of NnsttRiA MMiMiiinis. 



Component 
Capiult 



Omtr-ittonbranc 
Porina 



fVirA 

PrwB 

Opariry-assocuied 
proteins 
Opa 

Opc 

Kjcducuoa-modjfiablc 

protein 
LipoolipKaccharide 



Function 

Protects against hoscmediited, complex 
racm-dcpcndcnt baacriolysw and 
phagocytosis 



Crcure pores through which small hydro- 
philic sohite* pass, cation-sclcctivc or 
an inn -selective 



r rumours adherence to host cells and 

rr"inf>tt» adherence tn hivt cells 
UninowD 

Hit poTTjnr eodoroodc aaiviry 

I'ruTnitti: initial ndht:rviiec ht epithelial 

and endothelial cdls and eiydwocyies 



CLASSIFICATION 

13 Serofiroups (A, B, C, E»29, 
PU.K.LNUW-ISB.X^ZI 



Cbitt 1 nutcr-mcuiliniiic pnitcin 

(iciosubiv'ping) 
Class 2 or 3 oaier-mcmbixine 

protein (scnjcyping) 



Qasi 5 outer-membrane pro- 
lans 

Class 4 uuvrr-mcmbranc pterin 

13 Imnuimwypes* 
CUita T and II» 



*Tht duiMilcaixjn ia baioi on diflcraiccs in antigenicity. 



cell-wail components, which induce the inflammato- 
ry cascade. The reasons for the clonality of invasive 
isolates arc not folly understood, but they may pos- 
sess particular virulence factors or they may have an- 
tigenic characteristics that are not recognized by the 
host and hence escape adaptive immune mechanisms. 

Persons who lack or have a deficiency of antibody- 
dependent, complement-mediated immune lysis (bac- 
tericidal activity) arc most susceptible to meningococ- 
cal disease. 41 ^ 42 The importance of humoral immunity 
was indirectly demonstrated ia a study thai showed an 
inverse correlation between the agc-rclatcd incidence 
of disease and the age-related acquisition of scrum 
bactericidal antibodies. 42 The direct correlation be- 
tween susceptibility to meningococcal disease and the 
absence of detectable bactericidal antibodies was fur- 
ther demonstrated by the finding that military recruits 
who had detectable bactericidal antibodies frequently 
became carriers but did not contract the disease « Re- 
cently, opsonophagocytic activity has been found to 
play a part in providing protection against meningo- 
coccal disease. 43 

Underlying immune defects chat confer a predis- 
position to invasive meningococcal infection include 
functional or anatomical asplenia, a deficiency of pro- 
perdin, and a deficiency of terminal complement com- 
ponents. 44 * 45 Persons with these conditions have a sub- 
stantially elevated risk of meningococcal infection, but 
infections in such persons account for only a small 
proportion of cases. Those infected with the human 
immunodeficiency virus are probably also at increased 
risk tor sporadic meningococcal disease, but the risk 



is not nearly as high as that of infection with other 
encapsulated organisms, such as Streptococcus pneu- 
moniae* 6 * 7 Additional research is needed to clarify 
the role of genetic immune defects, such as polymor- 
phisms in the genes for mannose- binding lectin and 
tumor necrosis factor <a, that may have major roles in 
altering the susceptibility to meningococcal disease. 4 *' 19 

The acquisition of infection depends on die chance 
that a person will encounter and acquire a virulent bac- 
terium. In households where a case of meningococcal 
disease has occurred, the risk of invasive disease in fam- 
ily members is increased by a factor of 400 to 80O. p 
In the United Scaccs> blacks and persons of low socio- 
economic status have consistently been found to be 
at higher risk for meningococcal disease than whites 
and persons of higher socioeconomic status. 6 ' 7 Black 
race and low socioeconomic status arc likely to be 
markers for differences in factors such as household 
crowding, urban residence, and exposure to tobacco 
smoke. Active or passive exposure to tobacco smoke, 
as well as concurrent viral infection of the Upper res- 
piratory tract, increases the risk of meningococcal dis- 
ease by enhancing the formation and spread of respi- 
ratory droplets or diminishing the functional and 
mechanical integrity of the respiratory mucosa as a 
harrier to invasionA 30 * 51 

New military recruits have consistently been found 
to have a higher risk of both sporadic meningococcal 
disease and outbreaks of disease than other military 
personnel or die general population. 53 The increased 
risk is probably related to crowded living conditions 
among persons from various geographic areas who 
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have diverse strains of N. meningitidis. Recent studies 
have also shown that college freshmen living in dor- 
mitories have an elevated risk of disease, perhaps for 
similar reasons, but overall, U.S. college students are 
not at higher risk for meningococcal disease than oth- 
er people of similar age. 53 * 54 

CLINICAL MANIFESTATIONS 

One of the challenges of diagnosing meningococ- 
cal disease is that its clinical manifestations (Table 2) 
arc difficult to distinguish from those of more com- 
mon but less serious illnesses. Meningeal infection, re- 
sulting from hematogenous spread, occurs in about 
50 percent of patients 6 and is similar to other forms 
of acute purulent meningitis, with a sudden onset of 
headache, fever, and stifiuiess of the neck, sometimes 
accompanied by nausea, vomiting, photophobia, and 
an altered mental status. In infents, meningeal infec- 
tion may have a slower onset, with nonspecific signs 
and without stifBicss of the neck; a bulging fontanelle 
is occasionally noted. XT. meningitidis can be isolated 
from the bloodstream in up to three quarters of pa- 
tients, but meningococcal sepsis, which is also called 
meningococcemia, occurs in only 5 to 20 percent of 
patients.*' 55 Meningococceniia is characterized by an 
abrupt onset of fever and a petechial or purpuric rash, 
which may progress to purpura fulminans, and is of- 
ten associated with the rapid onset of hypotension, 
acute adrenal hemorrhage (the Waterhouse-Frider- 
ichsen syndrome), and multiorgan failure. 55 

Pneumonia occurs in 5 to 15 percent of patients 
with invasive meningococcal disease . e - 56 Meningococ- 
cal pneumonia may not always be diagnosed, because 
isolation of the organism from sputum does not dis- 
tinguish persons who are carriers of the bacteria from 
those with pneumonia caused by N. meningitidis and 
because physicians may not consider the organism as 
a possible cause of pneumonia. 11 S7SR Much less fre 
quently, other syndromes arc associated with menin- 
gococcal disease, including conjunctivitis, 59 otitis 
media, epiglottitis, arthritis, 60 urethritis, and peri cardi- 
tis.^ 1 In rare Cases, patients may present with chronic 
meningococcemia, a syndrome characterized by pro- 



longed, intermittent fevers, rash, arthralgias, and head- 
aches. 55 

Before the 1920s, meningococcal disease was fatal 
in up to 70 percent of cases . 62 The use of serum ther- 
apy and the discovery of sulfonamides and other anti- 
microbial agents led to a substantial decline in case 
fatality rates. Despite treatment with appropriate an- 
timicrobial agents and optimal medical care, the over- 
all case fatality rates have remained relatively stable 
over the past 20 years, at 9 to 12 percent, with a rate 
of up to 40 percent among patients with meningococ- 
cal sepsis. 5 Eleven to 19 percent of survivors of menin- 
gococcal disease have sequelae, such as hearing loss, 
neurologic disability or loss of a limb.* 3 - 64 

XUAGNOSIS 

The classic laboratory diagnosis of meningococcal 
disease has relied on bacteriologic culture, but the sen- 
sitivity of culture may be low, especially when per- 
formed after the initiation of antibiotic treatment. 05 
Gram's staining of cerebrospinal fluid is still considered 
an important method tor rapid and accurate identi- 
fication of N. meningitidis. 6 * Nonculture methods, 
such as the use of commercially available kits to detect 
polysaccharide antigen in cerebrospinal fluid, have 
been used to enhance the laboratory diagnosis. These 
methods are rapid and specific and can provide a sero- 
group-spedfic diagnosis, but false negative results arc 
common, especially in cases of scrogroup B disease. 67 
Antigen tests of urine or scrum arc unreliable for the 
diagnosis of meningococcal disease. Serologic resting^ 
primarily with enzyme-linked immunosorbent assays, 
can be used as part of the evaluation if meningococcal 
disease is suspected but should not be used to estab- 
lish the diagnosis. 68 Polymerase- chain-reaction (PCR.) 
analysis offers che advantages of detecting serogroup- 
specific N. meningitidis DNA and of not requiring live 
organisms for a positive result. PCR. tests for >T. men- 
ingitidis zxt. not commercially available in the United 
Stares, bur this approach has been widely used in the 
United Kingdom since late 1996, and in 1998, 35 per- 
cent of cases of meningococcal disease in the United 
Kingdom were confirmed by PCR alone (KaczmarsJd 



Rgure 3 (facing page). Colonization of Neisseria meningitidis in the Nasopharynx s nd Entry into the Bloodstream dnd Cerebrospinal 
Fluid. - . 

N. meningitidis enters the nasopharynx and attaches to nonciliated epithelial cell*, probably through the binding of the pili to the 
CD46 receptor fa membrane cofactor protein) and the subsequent binding of opacity-associated proteins, Opa and Qpc, to the 
CD66e (carcinoembryonic antigen) «nd heparan curtate proteoglycan receptors, respectively. The attached organisms are engulfed 
by the cells, enter phagocytic vacuoles, and may then pass through the cells. lgA1 protease (an OUter-membrane protein) cleaves 
lysosome-assocjated mBmbrana protein and may promote the survival of N. meningitidis in epithelial cells. PorB (another outer- 
membrane protein) crosses the cell membrane and arrests thB maturation of the phagosome. In the bloodstream, the organisms 
release endotoxin in the form of blebs {Vesicular outer-membrane structures) that contain 50 parcent llpoollgosaccheride and 50 
percent OUter-mcmbrane proteins, phospholipids, and capsular polysaccharide. The endotoxin and probably other components 
stimulate cytokine production and the alternative complement pathway. N. meningitidis crosses the blood-brain barrier endothe- 
lium by entering the subarachnoid space, possibly through the choroid plexus of the lateral ventricles. 
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Table 2. Infectious Syndromes Associated 
wrrn Meningococcal Disease.* 



Meningococci] meningitis 
Meningococci! bacteremia 

tbs Warcchoiisc-Fridcricbcn syiidmnic) 

Rcapirjlury tract infection 

Pneumonia 
Epiglottitis 
Olilis media 

Focal infection 
Conjunctivitis 
Septic anhriria 
Urethritis 

Purulent pericarditis 
Chronic mcningncncccinia 

'Miin: (h 4 m one vy ml nunc nuy he pjrrtcnl in till 

individual patient.. 



E: personal communication). Although additional val- 
idation of this technique is needed, PCR will proba- 
bly prove to be a useful tool for rapid diagnosis. In 
addition, newer molecular- based sub typing techniques 
may allow further characterization of N. meningitidis 
from PCR-dcrivcd products. 

MANAGEMENT 

The use of antibiotics has dramatically reduced mor- 
tality due to meningococcal disease, hut studies have 
not definitively linked early antibiotic therapy with an 
improved outcome. 69 * 71 Because of the risks of severe 
illness and death, however, effective antibiotics should 
be promptly administered in patients suspected of hav- 
ing meningococcal disease. Many antimicrobial agents, 
including penicillin, arc active against N. meningitidis. 
Although treatment with penicillin has reportedly 
failed in a few patients with strains of N. meningitidis 
that have intermediate resistance to the drug, 60 - 70 oth- 
er patients with such organisms have been treated suc- 
cessfully with penicillin. 72 ' 73 The absence of reports of 
treatment failure with penicillin in the TJniced States 
may reflect clinical practices, since penicillin, although 
considered appropriate first-line therapy for menin- 
gococcal disease, is rarely the initial antimicrobial agent 
used to treat meningitis or sepsis. 74 The low preva- 
lence of rests cance to penicillin, as well as uncertainty 
about the clinical relevance of intermediate resistance, 
supports the continued use of penicillin to treat me- 
ningococcal infections 7a Routine susceptibility testing 
of all meningococcal isolates is not necessary; however, 
such testing should be performed if a patient does not 
have an appropriate response to antimicrobial agents. 

Since the clinical presentation of meningitis due 
to N. meningitidis is similar to that of other bacteria 
(e.g., S. ptewmoniae), empirical therapy should be di- 
rected at the most likely pathogen on the basis of ep- 



idemiologic information. Because of the high preva- 
lence of penicillin-resistant S. pneumoniae, empirical 
management of meningitis in children who are one 
month of age or older should include vancomycin plus 
cefotaxime or ceftriaxone. 75 For children who are less 
than one month old, the clinician should consider add- 
ing vancomycin to the usual antibiotic combination 
of a broad-spectrum cephalosporin and ampicillin 7 4 - 75 
If N. meningitidis is confirmed as the cause of illness, 
penicillin alone should be given. 

During an epidemic in a developing country, the 
need to treat a large number of patients makes repeat- 
ed injections with crystalline peiiicillin or even ceftri- 
axone impractical. A single intramuscular dose of an 
oily suspension of chloramphenicol has been shown 
to be as effective as a five-day course of crystalline pen- 
icillin in the treatment of meningococcal meningitis. 76 
Isolates with high-level resistance to chloramphenicol 
have recently been reported in Vietnam and France, 77 
but the clinical significance of such resistance has not 
been evaluated, and chloramphenicol remains a useful 
first-line drug for the treatment of cases during epi- 
demics in developing countries. 20 

The high rates of morbidity and mortality associ- 
ated with meningococcal disease, even among patients 
who receive early antibiotic treatment, have led to 
studies of adjuvant therapies. Sonic studies have shown 
that treatment with intravenous corticosteroids reduc- 
es the risk of hearing loss in patients with meningitis 
caused by H. influenzae type b 63 » 7a > 79 ; however, cor- 
ticosteroid dierapy has not been shown to be effec- 
tive for meningococcal disease, and such treatment 
remains controversial. New clinical trials of therapies 
aimed at modulating endotoxin, cytokines, and the in- 
flammatory cascade show promising initial results, but 
these adjuvant treatments should still be considered 
experimental.* 3 

CONTROL AND PREVENTION 
Chamoprophylaxts 

Persons in dose contact with patients who have me- 
ningococcal disease arc at elevated risk for contracting 
the disease. Antimicrobial chemoprophylaxis is the pri- 
mary means of preventing the spread of meningococ- 
cal disease in Che United States. The rarity of second- 
ary cases is attributable to effective chemoprophylaxis 
itt household members., LunLacts ul day care centers, 
and anyone else directly exposed to an infected pa- 
tient's oral secretions — for example, through kissing 
or mouth-to-mouth resuscitation. 6 Because the risk 
of secondary disease among close contacts is highest 
during the first few days after the onset of disease in 
the index patient, chemoprophylaxis should be admin- 
istered as soon as possible. If it is given more than 
14 days after the onset of disease, chemoprophylaxis 
is probably of limited or no benefit. 17 Oropharynge- 
al or nasopharyngeal cultures are not helpful in de- 
termining the need tor chemoprophylaxis and may 
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unnecessarily delay die use of this effective preventive 
measure. Mass chemoprophylactic programs are not 
recommended to control large outbreaks of disease; 
multiple sources of exposure, the prolonged risk of 
exposure, logistic problems, and high cost make this 
approach impractical and unlikely to be successful. 
Systemic andbiodes that effectively eliminate nasopha- 
ryngeal carriage of 77. meningitidis include rifampin, 
ciprofloxacin, and ceftriaxone (Table 3). Studies bave 
documented secondary cases of infection in patients 
who received prophylaxis with rifampin but who had 
rifampin-resistant strains, although such cases remain 
relatively rare. 80 8 2 

Meningococcal Polysaccharide Vaccine 

The quadrivalent polysaccharide vaccine that pro- 
vides protection against serogroups A> C, Y, and 
W-135 is the only meningococcal vaccine that is li- 
censed and available in rhc United States. Extensive 
experience with this vaccine has demonstrated its safe- 
ty; advene effects arc generally mild, consisting prin- 
cipally of pain and redness at the site of injection. 33 " 85 
The antibody responses to each of the four polysac- 
charides in the quadrivalent vaccine are serogroup-spe- 
rific and independent- The serogroup A and C vac- 
cines have good immunogenicity, with clinical efficacy 
rates of 85 percent or higher among children five years 
of age or older and adults. Serogroup Y and W-135 
polysaccharides are safe and immunogenic in older 
children and adults; although dinicvd protection has 
not been documented, vaccination with these poly- 
saccharides induces bactericidal antibody. 5 ** 9 Li in- 
fants and young children, measurable levels of anti- 
bodies against serogroup A and C polysaccharides, 
as well as clinical efficacy, decrease markedly during 
the first three years after a single dose of die vaccine 
has been administered- Antibody levels also decrease 
in healthy adults, but antibodies are still detectable up 
to 10 years after immunization. 90 - 93 Aldiough a reduc- 
tion in clinical efficacy has not been demonstrated in 
persons who have received multiple doses of vaccine, 
recent serologic studies suggest that multiple doses 
of serogroup A and C polysaccharides may cause Im- 
munol ogic tolerance of the polysaccharides. 95 - 94 

Routine childhood vaccination with the quadriva- 
lent meningococcal polysaccharide vaccine is not rec- 
ommended because of its relative ineffectiveness in 
young children, who have the highest risk of sporadic 
disease and a relatively short duration of protection. 17 
However; the vaccine is recommended for the control 
of outbreaks due to serogroup C. For this purpose, 
an outbreak is defined as the occurrence of three Or 
more coriiirmcd or probable cases of serogroup C me- 
ningococcal disease during a period of three months 
or less, with a primary attack rate of at least 10 cases 
per 100,000 population. 17 

The Advisoiy Comrnirtee on Immunization Prac- 
tices and die American Academy of Pediatrics have 



Table 3. Scinmum for Ad minister] ng CiiEMOfKOriifLAXis 

AGAINST MENINGOCOCCAL DISEASE. 



Dnua and Age Gaou» 

ChildAa <1 mo 

Children ^1 ino 

Adults 
Ciprofloxacin* 

Children 

Adults 
Ceftriaxone 

Children <15 yr 

Children >15 yr 
and adults 



5 iuk/Vk ufl'fxJy wdutht every \ 2 hr for Z iUy$ 
10 lOg/lcg every 1 2 lir for 2 d.iys 
600 mjy every 1 2 lir £>r 2 day* 



S00 mc. pven hx a single dose 

12S rug given in a siiifik tuH-Aniuseufcu' dme 
250 £ ivcil in a iiilfllc irthrfirtHuCirfcir dusc 



"Tlic dru£ is adiiiiixitrererl nrully iml«s orhenvise irtcfic^rcd. 

tRilainpin ia DM fcCrttilrtlcikilcri for pregnant wttmcii, Uccrm»c rlic clrvg »> 
tennogenic in laboratory aniniala. Bccmic the reliability ofor.il cuHLruccptivcs 
may be jficcred by rifampin rhcrapy. connderarion should be &ivcn co using 
alternative connnceptrve measures while rifampin is being adrninistered. 

X Ciprofloxacin is not generally recommended for persons younger than 
18 years of a^c or fi>r prejpunr or J*ct*ting women, becaiue the dni[t canw? 
cartilage damage in immature laboratory animals. However, ciprofloxacin can 
be used for chemoprophylaais in children if no acceptable alternative therapy 
is available. 



recently issued revised guidelines for the use of me- 
ningococcal vaccine in college students. 54 ^ 5 They rec- 
ommend that health care providers and colleges edu- 
cate freshmen, especially those who live in dormitories, 
and their parents about the increased risk of menin- 
gococcal disease and the potential benefits of immu- 
nization, so that they can make informed decisions 
about vaccination. 

Improved Vaccinas 

Unlike serogroup A and C polysaccharides, the sero- 
group B polysaccharide has a capsule ([a 2-8] -linked 
polysialic acid) that is identical in su'ucture to polysialic 
add in fetal neural tissue and is poorly immunogenic 
in humans. 56 Strategics for developing vaccines against 
serogroup B disease have therefore focused primarily 
on noncapsular antigens (c.g., outer-membrane pro . 
reins). 9 * Several of these vaccines, developed from 
strains of serogroup B meningococci that have caused 
outbreaks of disease, are safe, immunogenic, and ef- 
fective in older children and adults and have been used 
successfully to control outbreaks. 0 ** 0 The consider- 
able diversity of outer-membrane proteins that cause 
sporadic serogroup B disease, as well as geographic 
and possibly temporal variations, may limit the use- 
fulness of dlis approach. 100 - 101 Researchers arc also 
exploring candidate vaccines against other, more ho- 
mogeneous outer-membrane proteins, pili, and exo- 
toxins, as well as vaccines that can be delivered intra- 
nasally.*^ 0 * 

To improve the immunogerricity of the serogroup 
B polysaccharide, researchers have covalendy linked 
it to carrier proteins and adsorbed it to aluminum; this 
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vaccine has induced a scrogroup-spccific response in 
animals. 96 Use of serogroup B polysaccharide vaccines 
in humans has been limited because of the theoretical 
risk that these vaccines will overcome immune toler- 
ance and induce autoimmunity, and further develop- 
ment must be undertaken carefully. 

Another approach to serogroup A and C polysac- 
charides has been the use of peptides that mimic rhe 
capsular polysaccharide in complex with or conjugated 
to potent carrier-protein molecules in order to elicit a 
T-cell-dependent response.™* In addition, the recent 
completion of the genomic sequencing of a serogroup 
B meningococcus may make it possible to identify nov- 
el surface proteins that could be effective vaccines. 104 

As with H. influenzae type b conjugate vaccines, 
serogroup A, C, Y, and W-135 meningococcal poly- 
saccharides have been chemically conjugated to car- 
rier proteins. These meningococcal conjugate vaccines 
induce a T-cell-dependent response, resulting in an 
improved immune response in infants, priming im- 
munologic memory, and leading to a booster response 
to subsequent doses. 39 These vaccines arc expected to 
provide long-lasting immunity even when given as a 
series in infancy, and they may provide herd immu- 
nity through protection mom nasopharyngeal carriage. 
Clinical trials of these vaccines are ongoing. tOS - 107 In 
the United Kingdom, where the rate of serogroup C 
meningococcal disease ranges from 1-4 to 2.0 cases 
per 100,000 population per year and where menin- 
gococcal disease is the leading cause of death from 
infection among young children (Stuart J: personal 
communication), serogroup C conjugate vaccines were 
added to the routine schedule of childhood immu- 
nizations in late 1999, 108 Preliminary data have shown 
good shore-term efficacy of vaccination in toddlers and 
teenagers. Further assessment of the effect of these 
vaccines will be of great importance in all countries. 

Conjugate meningococcal vaccines may dramatical- 
ly improve the control of meningococcal disease, but 
decisions about their use will be complicated. Because 
die rates of meningococcal disease are low, phase 3 
clinical trials of the efficacy of conjugate vaccines in 
developed countries are not feasible. The Food and 
Drug Administration is likely to consider licensure of 
these vaccines on the basis of data on their irnmuno- 
genidty and safety, as was done in the United King- 
dom. Recent changes in the disrribudon of meningo- 
coccal serogroups in the United States suggest that 
it will be important to include serogroup Y in a con- 
jugate vaccine. Meningococcal disease has a broad age 
distribution, and a vaccination program, to be effi- 
cient, must address the risk of disease among older 
children and adolescents, as well as the risk in infancy. 
In addition, the already complicated schedule of child- 
hood immunizations in the United States makes com- 
bination vaccines attractive. Hnally, decisions about the 
use of vacdncs in the United States have international 
implications, since many manufacturers of vacdnes 



would prefer to have a single formulation for use 
throughout the world. Conjugate meningococcal vac- 
cines would need to indude a serogroup A component 
to maximize dieir effect on the control of disease in 
Africa and therefore the global burden of the disease. 

CONCLUSIONS 

Despite our improved understanding of die epide- 
miologic features and pathogenesis of meningococcal 
disease, risk factors, and advances in diagnosis and 
treatment, the disease remains a leading cause of men- 
ingitis and Sepsis. Routine vaccination of high-risk 
populations is a reasonable public health strategy for 
controlling meningococcal disease, but the shortcom- 
ings of the quadrivalent polysaccharide vacdne limit 
its usefulness. New scrogrnup B vacdncs, now being 
developed, are unlikely to be available in the next five 
years. How well meningococcal conjugate vaccines will 
work, especially with respect to the duration of pro- 
tection and herd immunity, remains unclear, and there 
are unresolved strategic issues concerning formulations 
and target age groups. The greatest challenges may 
be integrating these vaccines into an already compli- 
cated immi miration schedule in the United States and 
making them available, despite costs that may be rel- 
atively high* in sub-Saharan Africa. Although the prob- 
lems are by no means solved, conjugate meningococ- 
cal vaccines have die potential to provide greatly 
improved control of meningococcal disease dirough- 
out the world. 
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